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TECHNICAL NOTE
Use of a microwave oven in the fluorometric micro-inulin
determination
REMMERT DE Roos, PETER BOER, RENÉ FRANSEN, WALTHER H. BOER,
and HEIN A. KOOMANS
University Hospital Utrecht, Department of Nephrology and Hypertension, Utrecht, The Netherlands
Inulin is widely used in experimental renal physiology to
assess the single nephron glomerular filtration rate and water
reabsorption along the nephron segments. The use of non-
radioactive labeled inulin combines the advantages of low cost
and absence of contamination hazard. In 1966, Vurek and
Pegram [11 described a fluorometric assay, which is still widely
used. This method is laborious: Each cuvette must be sealed by
fusion immediately after filling to prevent moist absorption, and
mixing of the contents (prior to heating in a boiling water bath)
must be achieved by repeated centrifuging. The former distracts
the attention from pipetting, and requires the presence of a
burning microtorch during the whole pipetting session; the
latter is time-absorbing and may cause fracture of the cuvettes.
We made Vureks' method less cumbersome and time consum-
ing by storing the unsealed cuvettes in a closed container with
silica gel until further processing, and by combining the mixing
and heating steps by use of a microwave oven.
Methods
Chemicals
Dimedone (5,5-dimethyl-i-3-cyclohexanedione) was pur-
chased from Eastman Kodak Co. (Rochester, New York,
USA), polyfructosan from Laevosan GmbH (Linz, Austria),
light mineral oil and Sigmacote from Sigma Chemical Co. (St.
Louis, Missouri, USA), other reagents (reagent grade quality)
from J.T. Baker (Deventer, Netherlands).
Solutions
Dimedone reagent was prepared by dissolving 100 mg of the
dye in 10 ml 85% ortho-phosphoric acid, followed by overnight
stirring. The solution should be colorless and free of particles.
Stored in the dark in a desiccator, it can be used for at least two
weeks. Artificial tubule fluid contained 115 m NaC1, 25 mM
NaHCO3, 5 mi'i KC1, 1 mrt Mg2SO4, 1 mrvi NaH2PO4, 0.5 mM
CaC12, 5 mM urea, 2.5 m glucose, 0.1 mrvi creatinine. Standard
polyfructosan solutions of 1, 2, 4, 6, 8, and 10 mg/mI were
prepared in 0.9% NaCI; quality control samples of 2 and 4
mg/mi were prepared in artificial tubule fluid, divided in por-
tions and stored at —20°C.
Equipment
Transfer pipettes of about 8 nI were made as described by
Prager, Bowman and Vurek [2] by melting thin quartz capillar-
ies in standard soft glass capillary tubing. Fluorometer cuvettes
were produced according to Vurek and Pegram [1] by cutting
100 1d microcaps, length 116 mm, outer diameter 1.41 mm,
inner diameter 1.05 mm (Drummond Scientific Co, Broomall,
Pennsylvania, USA) in two. They were extensively cleaned by
rinsing with chromic acid and washing with ultrapure water. A
sample transferring device consisting of a holder for capillary
tubes, a micromanipulator, and a binocular stereo microscope
was made based on the description given by Andreucci [3].
Cuvettes were centrifuged in a microhematocrit centrifuge
(Hawksley Ltd, Lancing, UK). For combined mixing and
heating, a Samsung RE-578D household microwave oven (out-
put power 650 W) with a rotating platform was used. Relative
fluorescence was measured on a Kontron SFM 25 fluorometer
equipped with a Xenon lamp (Kontron Instruments AG, Zurich,
Switzerland), and a specially constructed cuvette holder, ac-
cording to the design of Vurek and Pegram [1].
Animals
Tubule fluid was obtained from late proximal and early distal
tubules of the left kidney of male Sprague-Dawley rats, weigh-
ing 200 to 300 g, fed on a diet containing 300 mmol sodium per
kg food. After anesthesia by intraperitoneal injection of mactin
(Byk-Gulden, Singen, Germany) at a dose of 110 mg/kg body
weight, the animals received an intravenous infusion of a
solution containing 10% polyfructusan in 0.9% NaC1 at a rate of
0.1 ml/kg body wt/min. With this infusion rate, plasma levels of
1.0 to 1.2 mg/mI were obtained, and late proximal and early
distal levels of 1.8 to 2.4 mg/mI and 3.6 to 4.5 mg/mI, respec-
tively. One rat received an infusion without polyfructosan to
obtain blank tubule fluid for accuracy studies. The size of the
tubular fluid samples ranged between 60 and 100 nl.
Procedure
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Micropuncture samples were pipetted into a siliconized glass
trough containing water-saturated light mineral oil. Capillary
cuvettes were sealed at one end with a microtorch. Using the
quartz pipette and the transferring device, sample aliquots were
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Fig. 1. Effect of storage time on fluorescence when unsealed duvettes
are kept in a closed container with silica gel (•) and in the open air (A).
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Fig. 3. Comparison of concentrations measured with and without
addition of inulin-free tubule fluid.
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was measured at excitation and emission wavelengths of 355
and 400 nm, respectively, against the reagent blank as 0% and
10 mg/mI polyfructosan as 100%. For each cuvette, the fluores-
cence was calculated as the mean of three readings. The
cuvettes were rotated arbitrarily between the readings.
Calculation
Standard curves and sample concentrations were calculated
using a curve fitting program (SlideWrite Plus 3.0, Advanced
Graphics Software, Sunnyvale, California, USA). The curves
were plotted as second order polynomials.
Experiments
0.0
Inulin — conventional method, mg/mi
Fig. 2. Comparison of standard (S) and tubule fluid (Y) concentra-
tions measured after microwave and conventional treatment (centr(ug-
ing and boiling).
To show that unsealed cuvettes can be kept in closed
containers with silica gel, but not in the open air, cuvettes
0.0 2.0 4.0 6.0 8.0 10.0 containing dimedone reagent with 8 nI of S mmollliter polyfruc-
tosan were kept in both ways up to three hours. To check if the
conventional [1] and the microwave method give identical
results, 15 standards and 12 tubular fluid samples were mea-
sured by both methods. To verify whether effects of the solute
matrix were present, the fluorescence of standards without and
with addition of 8 nl polyfructosan-free tubular fluid was
compared. To separate the effects of mixing by centrifuging,
mixing by microwave irradiation, heating in a boiling water-
bath, and heating in a microwave oven, standard curves were
made with both heating techniques without (that is, only one
centrifuge step to spin down the samples to the sealed end of the
cuvettes) and with mixing by centrifuging (four additional
centrifuge steps).
transferred in triplicate to cuvettes containing 2 d dimedone
reagent at the open end. When the original protocol was used
[1], each cuvette was sealed immediately after pipetting with a
microtorch. The cuvettes were centrifuged five times at maxi-
mum speed during five minutes in the hematocrit centrifuge,
and heated in a boiling water bath for 10 minutes. Alternatively,
they were stored in a closed container with silica gel until
pipetting of all samples was completed. Then the reagent-
sample mixture was spun down to the closed end of the
cuvettes, and the open ends were sealed. The cuvettes were
placed in a beaker glass with water, and heated in the micro-
wave oven for 12 minutes with 50% power. Then they were
cooled in tap water and wiped off very carefully. Fluorescence
Results
In Figure 1, the relative fluorescences of standards in un-
sealed cuvettes kept on silica gel and kept in the open air are
plotted against storage time (means of triplicate determina-
tions). Contrary to storage in the open air, the fluorescence
remains stable for at least 3 hours under dry storage conditions.
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Fig. 4. Standard curves of relative fluorescence against inulin concentration. W, boiling water bath treatment; M, microwave treatment; lx, one
centrifuge step prior to treatment (spin-down); 5x, five centrifuge steps prior to treatment (additional mixing).
Figure 2 shows that the concentrations of standards and tubular
fluid samples obtained by mixing and heating in the conven-
tional way [1] and by microwave heating are similar (means of
triplicates). The regression line (y = 1.02x — 0.006, r 0.993)
coincides with the line of identity. Including calculation of the
results, the conventional method took about eight hours; the
microwave method required 5'/2 hours. Figure 3 shows that the
concentrations of standards measured with and without the
addition of polyfructosan-free tubular fluid do not differ from
each other (y = l.04x — 0.05, r = 0.978), indicating that no
matrix effects of the tubular fluid are present (means sD).
Figure 4 shows that standard curves obtained by microwave
treatment (lower panels) show less variation than curves made
with a boiling water bath (upper panels). Additional centrifuge
steps to improve mixing (right panels) decreased the variation
for the boiling water bath method, but the variation for the
microwave method did not decrease further. Analysis of cova-
riance showed that the intercepts and regression coefficients of
the curves did not differ significantly from each other. The
averages of the standard deviations for triplicate measurements
were 7.1 and 5.0% relative fluorescence units (almost signifi-
cant, P = 0.06) for boiling without, and with preceding mixture
by centrifuging, respectively, and 2.5 and 2.6 fluorescence units
for microwave treatment without, and with preceding mixture
by centrifuging (both values P < 0.05 with respect to 7.1 and
5.0). The coefficients of variation at tubular fluid levels which
are usually obtained by us, that is, 2.0 and 4.0 mg/mi are 5% and
4% within-day (N = 11), and 9% and 6% between-days (N =
22), respectively.
Discussion
The main advantage of our method is the time saved, about
2½ hours on a full working day. Usually, in one day about 90
cuvettes can be processed. The accuracy and precision of the
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method are comparable to that of Vurek and Pegram U]. The
need to seal each cuvette immediately after pipetting to prevent
moist absorption by the hygroscopic phosphoric acid is incon-
venient. We showed that unsealed cuvettes cannot be kept
safely in the open air, but that they can be stored on silica gel in
a closed container until pipetting of all samples is completed.
This is in accordance with the observation of Vurek and Pegram
[1] that the addition of water to the reagent mixture decreases
fluorescence. The use of a microhematocrit centrifuge for
mixing is time consuming, since at least five runs are required
for adequate mixing before the cuvettes are heated in a boiling
water bath. The risk of fracture of the capillaries during the
consecutive centrifuge steps is high. Apparently, microwave
irradiation gives a more efficient convection flow in the capillary
cuvettes than boiling, since (a) the standard deviation of tripli-
cate measurements was smaller, and (b) mixing by centrifuging
prior to microwave treatment did not decrease the standard
deviation further. In conclusion, the use of a microwave oven
saves both effort and time in the micro-inulin determination,
since microwave treatment may combine mixing and boiling of
the samples in one step.
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